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[ 5 7 ] ABSTRACT 
A process of foaming metal and particularly aluminum 
and its alloys by catalyzing and controlling the solid 
state decomposition of a material which releases a gas 
at elevated temperatures comprising mixing a discrete 
particulate material containing a major proportion of 
aluminum with zirconium hydride or titanium hydride, 
heating the resultant compact at a temperature of 
850° to 900°F for at least 5 minutes and then adding 
said compact to a molten metal melt. 

8 Claims, 2 Drawing Figures 
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FOAMING OF METAL BY THE CATALYZED AND 
CONTROLLED DECOMPOSITION OF ZIRCONIUM 

HYDRIDE AND TITANIUM HYDRIDE 

This application is a Continuation-ln-Part of co 
pending application Ser. No. 30,886, ?led Apr. 22, 
1970, now U.S. Pat. No. 3,676,071, which is in turn a 
Continuation-ln-Part of Ser. No. 866,776, ?led Oct. 
15, 1969, now abandoned, which is in turn a Continua 
tion of Ser. No. 593,969, ?led Nov. 14, 1966, now 
abandoned. 
The present invention relates to foaming of metal and 

particularly to foaming of aluminum and its alloys by 
the solid state decomposition of a material which re 
leases a substantial amount of gas in the molten metal 
melt at elevated temperatures. 
Foamed aluminum and its alloys are well known and 

in wide use in applications wherein the light weight of 
the foamed material is essential without or due loss of 
strength per unit volume. 

it is also well known that foamed aluminum and its 
alloys may be prepared by the addition of a gas releas 
ing material which when added to a molten melt foams 
the melt and thereby produces foamed metal upon 
cooling. 
Numerous materials decompose in the solid state to 

release a substantial amount of gas at elevated temper 
atures. These materials and in particular zirconium 
hydride and titanium hydride have been used in order 
to develop some practical use for this decomposition 
reaction. 
The principal disadvantages of these materials, how 

ever, are that normally complete decomposition reac‘ 
tion occurs at temperatures too elevated to find practi 
cal and convenient application. 

It is therefore highly advantageous to develop some 
method for catalyzing and controlling the onset of the 
solid state decomposition of these materials in order to 
increase the range of practical applications for the gas 
evolution reaction in the foaming of aluminum and its 
alloys. 
Accordingly, it is a principal object of the present 

invention to foam metal and preferably aluminum and 
its alloys by catalyzing and controlling the onset of the 
solid state decomposition of material such as zirconium 
hydride and titanium hydride. 

It is a further object of the present invention to pro 
vide a process as above which is inexpensive and con 
venient to employ. 
Further objects of the present invention will appear 

hereinafter. 
It has now been found that in accordance with the 

present invention the foregoing objects may be readily 
obtained and a convenient and inexpensive process 
provided for foaming of metal and preferably alumi 
num and its alloys by catalyzing and controlling the 
onset of the solid state decomposition of a material 
which releases a substantial amount of gas at elevated 
temperatures. 
The process of the present invention comprises inti 

mately admixing a discrete particulate material which 
decomposes at elevated temperatures to release a sub 
stantial amount of gas selected from the group consist 
ing of zirconium hydride and titanium hydride, and a 
discrete particulate material containing a major pro 
portion of aluminum in an amount of at least 0.8 part 
by weight based on the amount of aluminum per part of 
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2 
decomposable material, and heating said admixture in 
an oxidizing atmosphere at a temperature of from 850° 
to 900°F for about 5 to about 45 minutes and prefer 
ably for about 5 to about 20 minutes. The admixture is 
then added to a molten metal melt such as an aluminum 
or aluminum alloy melt and thereby heated at a tem 
perature which decomposes said decomposable mate 
rial, and normally at a temperature less than about 
1200°F. 

it has been found that when the foregoing process is 
performed, substantial and in fact surprising catalysis 
and control of the decomposition reaction is obtained. 
This will be more readily apparent from the ap 

pended examples and drawings which form a part of 
the present speci?cation in which: 
FIG. 1 shows the delay of onset of gas evolution and 

hydrogen potential exhaustion. 
FIG. 2 shows the addition time required to the onset 

of foaming molten metal. 
In accordance with the present invention, it is critical 

that discrete particles of the decomposable material are 
intimately admixed with discrete particles of a material 
containing a major proportion of aluminum. The par 
ticular particle sizes of both the decomposable material 
and the aluminum containing material are not neces 
sarily critical; however, the particle sizes should be less 
than 190 microns. Naturally, the smaller the particle 
sizes the more intimate the admixture will be and the 
more surface area of the respective particles will be 
contacted. 
The particular aluminum containing material is not 

necessarily critical except that the aluminum or the 
aluminum alloy which is used should contain a major 
proportion of aluminum. Aluminum or aluminum al 
loys containing 90% aluminum or more are preferred 
and in fact high purity aluminum is particularly pre 
ferred. The aluminum containing material may contain 
associated therewith in whole or in part aluminum 
oxide. 

In addition to the above alloys which may be em— 
ployed are also the aluminum-magnesium alloys, alumi 
num-silicon alloys, aluminum-copper alloys, alumi~ 
num-zinc alloys, aluminum-magnesium zinc alloys, etc. 
The decomposable material may be any of those 

listed above, namely zirconium hydride, and titanium 
hydride. 
The proportion of decomposable material to alumi~ 

num containing material is a critical aspect of the pre 
sent invention. It is necessary that the aluminum con 
taining material be utilized in an amount of 0.8 part by 
weight based on the amount of aluminum per part of 
decomposable material. The particular proportions 
may vary depending upon the particular decomposable 
material utilized but in no case will there be utilized less 
than 0.8 part by weight of aluminum containing mate 
rial. For example, when titanium hydride is used at 
least 1.5 parts by weight of aluminum containing mate 
rial is used based on the amount of aluminum per part 
of decomposable material. Naturally, an excess of alu 
minum containing material may be employed; how‘ 
ever, it is not necessary and not preferred to use too 
great an excess of aluminum containing material per 
part of decomposable material. 
The initial pretreatment comprises dehydrizing the 

surface layer of the decomposable material by heating 
the admixture in an oxidizing atmosphere at a tempera 
ture of 850° to 900°F to form zirconium or titanium 
metal and hydrogen gas. The material is then rapidly 
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oxidized to form a surface oxide layer. Thus, a displace 
ment reaction occurs in the oxidizing atmosphere and 
may be represented by the following equation, as for 
example, for zirconium hydride. 

In general from between 5 to 45 minutes are required 
for the above reaction to go to completion. 
The size and con?guration of the compact formed of 

the admixture is not critical so long as the decompos 
able material in the center portion of the compact is 
substantially oxidized in addition to the decomposable 
material closer to and at the surface of the compact. 

Preferably, but not necessarily the admixture is com 
pacted before the pretreatment to provide compacts of 
a suitable size for ease of handling. 

If desired the compacting and pretreating steps may 
be combined where convenient, i.e., the admixture may 
be hot compacted with the temperature and time limi 
tations of the pretreating step. 
The above-described pretreatment provides for the 

formation of an oxide barrier layer which slows the 
decomposition rate of the metal hydride. In particular 
the physical barrier serves ?rst to delay the onset of 
decomposition and then acts as a modulator of the 
reaction once it comences. The modulating effect oc~ 
curs since the oxide surface limits the diffusion of hy 
drogen formed within the particle after decomposition 
begins which in turn limits, or controls, further decom 
position as a function of the hydrogen partial pressure 
as expressed by the following equations: 

The discussed pretreatment step provides for in 
creased control in the production processes for forming 
of aluminum and its alloys by making possible greater 
latitude and ?exibility in the timing of such processes. 
This is so since maximum and predictable volumes of 
hydrogen gas may be provided at a prespeci?ed tem 
perature and over a predetermined time span. 

If desired, the intimate compacted admixture may be 
stored in this condition for any desired length of time 
until such time as one desires to utilize them for practi 
cal application. 
The intimately admixed and compacted particulate 

materials are then added to the metal melt and prefer 
ably an aluminum or aluminum alloy melt. 
The admixture is thereby heated at an elevated tem 

perature and preferably below 1200°F and most prefer 
ably from 570° to 1200°F. Normally in excess of 
l200°F the decomposable reaction is too rapid and the 
temperatures are too excessive for many applications. 
As an alternative embodiment of the present inven 

tion the intimate admixture may be compacted follow 
ing the pretreatment, if desired. Thus, the intimate 
admixture is ?rst pretreated by heating in an oxidizing 
atmosphere at a temperature of 850° to 900°F to form 
titanium or zirconium metal and hydrogen gas; the 
aforementioned metal then being rapidly oxidized to 
form a surface oxide layer, and the admixture is then 
compacted in any suitable manner. 
An example of a method of compacting which is 

suitable to this invention comprises vibrating of the 
admixture into a suitable aluminum, or aluminum alloy, 
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4 
tube or other suitable vessel. The ?lled tube is then 
subjected to the aforementioned heating step of the 
present invention. 
The treated admixture, whether loose or in com 

pacted form is then added to a melt of molten metal 
and preferably of aluminum and its alloys. The admix~ 
ture may be added directly to the melt or more conve 
niently wrapped or otherwise suitably packaged in, for 
example aluminum foil and then dropped into the melt. 
Although relatively large chunks or compacts of the 
admixture will tend to sink beneath the surface of the 
melt due to their relatively greater specific gravity it is 
preferred to plunge the packaged or compacted admix 
ture beneath the surface of the melt by means of a 
suitable tool to insure the desired reaction. If the un 
compacted admixture is employed in unpackaged form 
the melt should be suitably stirred during the addition 
to insure an initial rapid mixing. Stirring of the melt 
after the addition of the compacted and packaged ad 
mixtures is also preferred in order to achieve a uniform 
reaction throughout the melt. 
When the admixture is subjected to the heating step 

by addition to a bath of molten metal such as aluminum 
or its alloys thermal decomposition without a catalytic 
reaction ?rst occurs which causes subfracture of the 
pretreated hydride particles. Surface area of increasing 
size are thus exposed of the hydride to the molten alu 
minum and catalytic decomposition then commences. 

In accordance with the present invention it has been 
found that foaming of the aluminum melt is signi? 
cantly delayed after the pretreatment and addition of 
the admixture to molten aluminum as shown in FIG. 2, 
as contrasted with about 20 seconds without the pre 
treatment step. Naturally the exact amount of delay is 
dependent upon the pretreating temperature and time 
atany speci?ed temperature. 

It has also been surprisingly found that loss of the 
hydrogen potential during the pretreatment step is 
minimal and generally does not exceed about 22%, 
depending upon the time and temperature of the pre 
treatment. For example, it has been found that the 
aforementioned loss was only about 1% at 850°F for 10 
minutes, which is a suf?cient amount of time at this 
temperature for effective pretreatment. 
Thus, the present invention provides for a catalytic 

decomposition of zirconium and titanium hydrides at a 
temperature range which is practical and convenient in 
foaming of aluminum and its alloys, as well as providing 
for a controlled and predeterminable rate of decompo 
sition of the hydrides. 
The present invention will be more readily apparent 

from the following illustrative examples. 

EXAMPLE I 

This example shows the catalytic decomposition of 
ZrH2 without preheating the compact before adding 
the compacted mixture to an aluminum melt. 
A blend of 8 weight percent 5 p. ZrHz particles and 92 

weight percent l50pt Al-l0% magnesium alloy was 
compacted at a pressure of 31 tsi. The compacted ad 
mixture was added to 1000 grams of Al-l0% magne 
sium alloy in an amount of about 0.28 weight percent 
Zrl-lz, at a melt temperature of 1165°F, with violent 
breaking up and mixing into the melt. Rapid foaming of 
the melt occurred in about 20 seconds after introduc 
ing the admixture into the melt. 
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EXAMPLE II 

The compacted admixture of Example I was ?rst 
pretreated, in accordance with the present invention at 
a temperature of 875°F for 30 minutes and then com 
pacting at 31 tsi. The admixture was then added to 
1000 grams of A-2l 8 alloy in an amount of 0.28 weight 
percent ZrHz at a melt temperature of l 165°F exactly 
as in Example I. Rapid foaming of the melt did not 
commence for about 190 seconds and the hydrogen 
potential was not exhausted until about 390 seconds 
after introducing the admixture into the melt. Thus, in 
accordance with the present invention, a time delay of 
about 170 seconds was achieved. 

EXAMPLE III _ 

A blend of 8 weight percent 5p. Zrl-I2 particles and 92 

15 

weight percent 150p. Al-l0% magnesium alloy was ' 
compacted at 31 tsi and tested in the compacted condi 
tion, and in the compacted and pretreated condition at 
various temperatures for a time period of 10 minutes. 

In this example the heating was carried out in a tube 
type furnace and the gas evolution was measured by the 
displacement method, with gases collected and mea 
sured at approximately 25°C and at approximately 1 
atmosphere (curves not reduced to S.T.P.). 
The results, as shown, in FIG. 1, clearly show the 

effect of varying pretreatments upon the delay of onset 
of gas evolution and hydrogen potential exhaustion and 
how these factors may be predetermined. 

EXAMPLE IV 

The compacted admixture of Example I was tested 
after compacting and pretreating at various tempera 
tures for a period of 15 minutes, and then adding the 
compacted admixture to 1000 grams of Al-l0% mag 
nesium alloy in an amount of 0.28 weight percent Zrl-Iz 
at various melt temperatures. The results, as shown in 
FIG. 2, show the effect of various temperatures of pre 
treating at various elevated temperatures, for a time 
period of 15 minutes in effecting a time delay to the 
(onset of foaming, i.e., addition time required to the 
onset of foaming when the pretreatment step is em 
ployed. 
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This invention may be embodied in other forms or 

carried out in other ways without departing from the 
spirit or essential characteristics thereof. The present 
embodiment is therefore to be considered as in all 
respects illustrative and not restrictive, the scope of the 
invention being indicated by the appended claims, and 
all changes which come within the meaning and range 
of equivalency are intended to be embraced therein. 
What is claimed is: 
l. A process for producing foamed metal by catalyz 

ing and controlling the solid state decomposition of a 
material which releases a substantial amount of gas in 
molten metal which comprises: 
A. intimately admixing a discrete particulate material 
which decomposes at elevated temperatures to 
release a substantial amount of gas selected from 
the group consisting of zirconium hydride and tita 
nium hydride and a discrete particulate material 
containing a major proportion of aluminum in an 
amount of at least 0.8 part by weight based on the 
amount of aluminum per part of decomposable 
material; 

B. heating said admixture at a temperature range of 
850° to 900°F for at least 5 minutes to form a sur 
face oxide layer upon said hydride; and 

C. adding said admixture to a melt of molten metal to 
foam said metal. 

2. The process of claim 1 wherein said melt com 
prises a material selected from the group consisting of 
aluminum and its alloys. 

3. A process according to claim 2 wherein following 
step A and prior to step B said admixture is compacted. 

4. A process according to claim 2 wherein following 
step B and prior to step C said admixture is compacted. 

5. A process according to claim 2 wherein simulta 
neously with the heating of step B said admixture is 
compacted. 

6. The process of claim 2 wherein said decomposable 
material is zirconium hydride. 

7. The process of claim 2 wherein said decomposable 
material is titanium hydride. 

8. The process of claim 2 wherein said heating of 
Step B is from 5 to 30 minutes. 
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